Mediterranean temporary ponds (MTPs) are crucial breeding sites for local amphibians, a faunal group in decline in the Mediterranean mainly due to wetland destruction. Although the disappearance of lentic habitats in other regions of the world has been ameliorated by the creation and restoration of wetlands, these tactics remain untested in Mediterranean wetlands. To evaluate the amphibian colonization dynamics of artificial MTPs in the north-eastern Iberian Peninsula, we monitored two artificial MTPs (one in a highdiversity area and the other in a low-diversity area) over 2 years. We selected reference wetlands at each area, and amphibian communities of man-made MTPs were compared to those of reference wetlands. We found that, beginning in the first year, artificial MTPs were a valuable habitat for regional amphibian fauna. Posteriorly, we focused on the reproductive success of the natterjack toad, Bufo calamita. Using a drift fence equipped with pit-fall traps, we measured the abundance of both reproductive adults entering the pond and post-metamorphic individuals exiting the pond. Using mark-recapture methods, we analyzed the time and energy costs associated with reproduction in the artificial MTPs. We observed a highly variable colonization dynamics between sites, between hydroperiods, and within hydroperiods, and these dynamics often depended on meteorological factors. Our results suggest that even at a short timescale, native amphibian species such as B. calamita can benefit from wetland creation in the Mediterranean region.
Introduction
Amphibians have suffered a recent serious global decline (Houlahan et al., 2000; Stuart et al., 2004; Beebee and Griffiths, 2005) , and due to habitat reduction, pollution, pathogens and introduced predators, native amphibian species are facing a potential mass extinction (Wake and Vredenburg, 2008) . In the Mediterranean region, wetland destruction is the main cause for amphibian decline, as 89% of the endangered species have suffered habitat loss (Cox et al., 2006) . In this context, temporary ponds represent neglected habitats of vast biological value in the Mediterranean region (Boix et al., 2001; Grillas et al., 2004) , providing essential breeding sites for amphibians (Jakob et al., 2003; Dı´az-Paniagua et al., 2010) . Although the maintenance of Mediterranean temporary ponds (MTPs) as priority habitats is encouraged by the 92/43/CEE European Commission Habitats Directive, continuing increases in agriculture and urban development make MTP long-term preservation critical (Zacharias et al., 2007) .
The global-scale process of assisting the recovery of degraded and damaged ecosystems (also known as ecological restoration) has been identified as one of the grand challenges to the Earth in the 21st century (Comı´n, 2010) . In the USA, the 1989 federal goal of achieving "no overall net loss" of wetlands (Brown and Lant, 1999) partially addressed the progressive disappearance of lentic habitats through wetland creation and restoration. To evaluate how to lessen the effects of wetland loss on amphibian populations, studies have monitored both short-term (e.g., Perry et al., 1996; Lehtinen and Galatowitsch, 2001; Balcombe et al., 2005; Barry et al., 2008) and long-term (e.g., Pechmann et al., 2001; Petranka et al., 2003; Vasconcelos and Calhoun, 2006 ) colonization patterns and restoration effects. These studies revealed that the timescale of operation for the newly created or restored wetland is critical, as temporal population responses and environmental stressors determine which species are likely to benefit from the wetlands (Petranka et al., 2007) .
Many European studies have also demonstrated the conservation value of temporary wetlands (Oertli et al., 2005) , particularly for amphibians (Laan and Verboom, 1990; Jeffries, 1991; Joly and Grolet, 1996; Beebee, 1997; Stumpel and van der Voet, 1998; Baker and Halliday, 1999; Rannap et al., 2009; Lesbarre`res et al., 2010) . However, the creation and restoration of MTPs in the Mediterranean region are still very rare. Although there is some information about invertebrate colonization of these restored wetlands (e.g., Ruhı´et al., 2009) , there are few data that describe amphibian colonization of newly created MTPs. New wetlands are often designed to replace natural wetlands within short time periods (i.e., Pechmann et al., 2001; Lesbarre`res et al., 2010) despite associated controversy (Mitsch and Wilson, 1996) . Therefore, it will be crucial to determine if species of high conservation concern can colonize artificial MTPs within these brief periods. Moreover, quantifying the productivity of these MTPs will provide an estimate of how well creating new aquatic habitats maintains local biodiversity (Gibbons et al., 2006) .
Here, we investigated amphibian colonization and reproduction in two artificial MTPs over a 2-year period. Specifically, we (i) determined which amphibian species could colonize artificial MTPs within a short-term period, (ii) compared the community established in the man-made MTP to that of nearby reference wetlands and (iii) studied the colonization dynamics and assessed the reproductive success of a species of conservation concern, the natterjack toad Bufo calamita (Laurenti, 1768), in the newly created MTP.
Materials and methods

Study sites
The artificial MTPs are located in two lowland areas of the NE Iberian Peninsula: Baix Ter and Plana de la Selva (Fig. 1 ). In the summer of 2006, arable lands at these sites were transformed into human-made wetlands (BT and PS, respectively), which were flooded in September 2006. Both newly created wetlands were excavated from lacustrine silty clays. Both wetlands covered < 0.5 ha and were < 1 m deep. BT was < 200 m from the Ter Vell wetlands, a pond-marsh-pond system under marine influence, and PS was < 200 m from the Esplet temporary stream and some natural temporary and permanent ponds. For both sites there already existed some information about amphibian assemblages, being BT a low-diversity area, with five species, and PS a high-diversity area, with 11 (Pleguezuelos et al., 2002; Boix et al., 2004a) . At both sites, nearby riparian vegetation was dominated by alders (Alnus glutinosa), poplars (Populus nigra), willows (Salix alba), ashes (Fraxinus angustifolia) and elms (Ulmus minor). Aquatic vegetation was not planted within the wetlands, but within the first year of the study, charophytes had colonized both wetlands. By the second year, macrophytes, such as the common reed (Phragmites australis), -Int. J. Lim. 48 (2012) 81-93 bullrush (Typha latifolia) and water plantain (Alisma plantago-aquatica), had also appeared in both wetlands. The Estat de Conservacio´d'Ecosistemes Lenı´tics Soms (Shallow Lentic Ecosystem Conservation Status) (ECELS) index (Sala et al., 2004) , which characterizes the conservation status of a wetland in terms of (i) basin littoral morphology, (ii) human activity, (iii) water characteristics, (iv) emergent vegetation and (v) hydrophytic vegetation, provided high punctuations for most of the components in both sites (PS, 97 out of 100 points; BT, 79 out of 100 points). Human activity in BT lowered the value of the index, mainly due to influence of intensive agriculture.
In order to gather information about the local amphibian community, 10 existing reference wetlands were selected, five in each area (Fig. 1 , Tab. 1). These wetlands were located within a 3 km range of the respective man-made MTPs. Different types of reference wetlands were selected in order to encompass the natural variability of the existing waterbodies. Thus, at each site, one out of the five was a semipermanent (hydroperiod i 10 months) naturalized man-made wetland, three were natural MTPs similar to the man-made ones (hydroperiod 4-9 months) and one was an ephemeral pool (hydroperiod j 3 months).
Sampling and sample processing
Man-made MTPs
In BT and PS, every month from September 2006 to September 2008 we measured water conductivity using a Crison 524 conductivity meter, dissolved oxygen using a Hach HQ10 Portable LDO meter and water level using a graduated gauge. On each sampling visit, water samples were collected, filtered through GF/C Whatman filters, and frozen in the laboratory. We analyzed the dissolved inorganic nutrient content (ammonium, NH 4 + ; nitrite, NO 2
x ; nitrate, NO 3 x ; and soluble reactive phosphorus, PO 4 3+ ) of the filtered samples according to Grasshoff et al. (1983) .
Amphibian larvae were sampled monthly using a dip net (250 mm mesh; 20 cm in diameter). To capture all types of the macrofaunal community, we swept the dip net 20 times in rapid sequence, covering all different microhabitats. Amphibian larvae were sorted, identified and measured in the laboratory. to June 28, 2008. For these surveys, 10 cm of a 50-cm tall plastic drift fence was buried, completely encircling the pond. Outside and inside of the fence, pitfall traps (30 cm in diameter and 40 cm deep) were located every 15 m. Each trap was equipped with a funnel to prevent trapped climbing species from escaping. To avoid desiccation in the trap, a lid above the entrance reduced insolation, and a wet sponge inside the trap reduced dryness. Traps were checked every other day, being from both sites visited on the same day. From April 11, 2007 to April 28, 2007, area floods decreased the trapping efficiency in BT. For each capture, we recorded species, sex, weight ( ¡ 0.01 g), length (snout-vent length) (SVL¡ 0.1 mm) and released the animal on the opposite side of the fence. Additionally, in interval 2, we individually marked B. calamita adults using a toe-clipping technique (Donnelly et al., 1994) . For each marked individual, we measured the number of times it entered and exited the wetland within the interval, the time (in days) that it spent inside the wetland, and the amount of weight lost during reproduction. During interval 1 and interval 2, precipitation and minimum and maximum daily temperature data were collected from nearby Catalan Meteorological Service (SMC-Meteocat) stations.
Reference wetlands
In order to know the local amphibian community, all reference wetlands were surveyed during the year previous to the study. They received four visits, two in autumn (September-November) and two in spring (March-May). At each visit, two sampling procedures were applied. On the one hand, larvae were captured dip-netting, using the same sampling methodology as in man-made MTPs. On the other hand, nocturnal transects (sensu Pearman et al., 1995) provided data on singing adults that would have been hardly detected otherwise.
Data analysis
In order to compare the extent to which the man-made MTP community of the first and second hydroperiod was similar to the amphibian community inhabiting the reference wetlands at each site, we performed an analysis of similarities (ANOSIM) test. This type of test operates on a resemblance matrix and is similar to a standard univariate analysis of variance (ANOVA), but requires neither the normality nor homoscedasticity of data. Wetland type was selected as factor in the simple layout of this test, using the species presence/absence matrix. The distance matrix was built with the Bray-Curtis similarity measure, and the results showed a global R-and P-value expressed as a percentage. Besides, a similarity of percentages analysis (SIMPER) identified those species which characterized the community of each wetland type, ordering the species from more to less contribution to the total within-type similarity (cut-off for low contributions at 70%). A full description of SIMPER analysis is provided by Clarke (1993) .
Spearman non-parametric correlation tests allowed analyzing if the daily number of B. calamita adults entering the wetlands or the daily number of postmetamorphic individuals exiting the wetlands were correlated to meteorological data (precipitation, maximum daily temperature and minimum daily temperature). To account for the every-other-day sampling pattern, precipitation data were given as the cumulative precipitation over the 2 days, and temperature data were averaged over the 2 days. Using a Generalized Linear Mixed Model (GLMM), we set the response variable as the number of captured individuals per day, the tested factors were site (BT vs. PS), interval (interval 1 vs. interval 2) and
week (1-16), set out as fixed effects, and sampling day was set as a random factor to account for temporal pseudoreplication. In mixed models, random effects deal with pseudoreplication by modeling the covariance structure introduced in the random part of the model (Crawley, 2002) . We started with a model without interactions. Since the validation of the model showed no significant patterns in the residuals, interactions were not included. All matrices were log-transformed for a better fit of errors to a normal distribution.
Using ANOVA, we tested for site and sex effects on mobility (number of recaptures), time (number of days spent in the wetland) and reproduction cost (pre-and postreproduction difference in weight).
ANOSIM and SIMPER routines were performed using Primer (v. 6.0 for Windows, PRIMER-E, Plymouth); Spearman correlation tests, GLMM and ANOVA were performed using the software package PASW (v. 18, SPSS Inc., Chicago).
Results
Characterization of BT and PS
BT and PS had similar average temperatures, but PS had a wider temperature range (Tab. 2). Average precipitation was higher in PS. The hydrological regime was similar, with both sites exhibiting level oscillations despite the shallow mean depth (11.7 cm for BT and 23.2 cm for PS) and hydroperiods of 7-9 months (Fig. 2) .
On the other hand, the surveys in the reference wetlands provided current information on the local existing amphibian communities. Five species were detected in BT reference wetlands (Discoglossus pictus, B. calamita, Hyla meridionalis, Pelophylax perezi and Pelobates cultripes), whereas PS reference wetlands community consisted of these five species and six additional species (Salamandra salamandra, Lissotriton helveticus, Triturus marmoratus, Alytes obstetricans, Pelodytes punctatus and Bufo bufo).
Man-made MTPs -reference wetlands community comparison
The ANOSIM test showed a global significant effect of wetland type over the amphibian community (R = 0.458, P j 0.01), with significantly different compositions between BT and PS reference wetlands (R = 0.718, Pj 0.01). In both sites, the respective man-made MTP community was similar to that inhabiting the reference wetlands, both during the first hydroperiod (BT: R = 0.12, P i 0.05; PS: R = x0.12, P i 0.05) and the second one (BT: R = 0.12, P i 0.05; PS: R = x0.02, Pi 0.05). The SIMPER routine identified five species characterizing PS reference communities (B. calamita, D. pictus, H. meridionalis, P. punctatus and P. perezi), whereas only one species was identified in reference communities of BT (B. calamita). Higher species richness levels were achieved in man-made MTPs in BT than in the reference wetlands, both for larvae and adults and during both hydroperiods. On the contrary, species richness levels in PS fell within the reference wetlands margins, both for larvae and adults, throughout the study (Fig. 3) .
Colonization of the man-made MTPs
In both sites, all species that were detected in hydroperiod 1 were also present during hydroperiod 2, being the most abundant B. calamita (95% of the total captures in BT, 74% in PS). In BT, three of the five local amphibian species were successfully reproducing in the new wetland during hydroperiod 1. The fourth local species, H. meridionalis, arrived at hydroperiod 1 but did not reproduce until hydroperiod 2, and P. cultripes was never recorded (Tab. 3). Besides, in PS, six of the 11 local amphibian species reproduced in the wetland during hydroperiod 1. In addition, two extra species reproduced there during hydroperiod 2: T. marmoratus arrived to PS as an adult at hydroperiod 1 but did not reproduce there until hydroperiod 2, and L. helveticus was detected and reproduced during hydroperiod 2. Although B. bufo adults were caught at PS during both hydroperiods, there was no evidence that they reproduced. P. perezi and P. cultripes were never detected in PS (Tab. 3). During both intervals, the number of adult B. calamita individuals entering the wetland and post-metamorphic individuals exiting the wetland were correlated to meteorological variables (Fig. 4) . At the beginning of both intervals, adults were already being captured in an irregular pattern that generally followed rain events. For both BT and PS, there was a positive significant correlation between the number of adults entering the wetland and the cumulative precipitation (Tab. 4). Minimum daily temperature had a positive significant correlation with the number of entering adults only in PS. By contrast, maximum daily temperature had a negative significant correlation with the number of entering adults in BT. Postmetamorphic individuals appeared for the first time during weeks 7-9 and dominated the second half of both intervals at both sites. While the number of post-metamorphic individuals exiting the wetland was not significantly affected by precipitation at either site, both minimum daily temperature and maximum daily temperature had significant positive correlations to the number of post-metamorphic individuals exiting the wetland in both sites (Tab. 4). GLMM confirmed that the number of B. calamita adults varied significantly between sites (F 1,3 = 3.993, P < 0.05), intervals (F 1,3 = 75.841, P < 0.001) and weeks (F 14,16 = 35.165, P < 0.001; Fig. 5 ). Although the number of adults entering the wetland was higher in PS than in BT, the number of post-metamorphic individuals exiting the wetland was higher in BT than in PS (F 1,42 = 5179.71, P < 0.001). In both sites, there was a higher number of post-metamorphic individuals caught in the traps in interval 1 compared to interval 2 (F 1,42 = 7.392, P< 0.01). Adults had irregular movements throughout the intervals. In contrast, post-metamorphic individuals consistently exited the wetlands beginning at the seventh week (F 9,50 = 7998.84, P < 0.001).
Using toe clips, we marked 186 B. calamita in BT and 359 in PS (Tab. 5). In both sites, males were significantly more likely to be recaptured than females. Additionally, the maximum number of times that an individual was recaptured was higher for males than for females. Males spent approximately twice as much time in the wetland compared to females. In spite of the shorter time in the wetland, females lost a higher proportion of weight (15-18% of their pre-reproductive weight) during breeding compared to males (4-5% of their pre-reproductive weight).
Discussion
Local amphibian diversity and colonization of man-made wetlands
Local diversity levels differed between BT and PS areas, a result coherent with previous studies in both areas (Pleguezuelos et al., 2002; Boix et al., 2004a) . Strong   Table 4 . Spearman non-parametric correlations (r) between the colonization variables of B. calamita (number of adults entering and number of post-metamorphic individuals exiting the wetland) and rain or temperature data. (Rain, 2 days cumulative precipitation; T min , minimum daily temperature; T max , maximum daily temperature). ns, P > 0.05; *, P < 0.01. anthropogenic influences such as intensive agriculture have been associated with habitat fragmentation, which in turn controls the viability of regional amphibian populations (Lehtinen et al., 1999; Beja and Alcazar, 2003; Cushman, 2006; Fischer and Lindenmayer, 2007) . This could have caused in BT the absence of urodeles, a group with low dispersion rates and short maximal dispersal distances (Smith and Green, 2005) . Furthermore, cultivation and nutrient enrichment has probably affected the natural wetlands in BT watershed, as observed in other regions of the Iberian Peninsula (Garcı´a-Mun˜oz et al., 2010) . Negative effects of agricultural intensification on micro-and macrofaunal assemblages have already been described (Beja and Alcazar, 2003; Rohr and Crumrine, 2005; Peltzer et al., 2006) . Particularly, the impact of pesticides on water quality has been confirmed both regionally (e.g., Hildebrandt et al., 2008) and locally, at nearby wetlands (e.g., Lo´pez-Flores et al., 2003; Salvadoé t al., 2006) . Hence, despite having no data from the studied natural and reference wetlands, we believe that this fact could explain why in BT some species were using the man-made MTPs, rainwater-fed, instead of the natural ones, which were often connected to managed ecosystems such as rice fields. Key factors that influence the colonization of a new or restored pond include the regional amphibian community and the size and isolation of the pond (e.g., Laan and Verboom, 1990; Lehtinen and Galatowitsch, 2001; Oertli et al., 2002) . In our case, high connectivity to other local bodies of water led to the high proportion of local species that arrived to the new wetlands during the first hydroperiod. Compared to amphibian colonization and reproduction in new wetlands in Europe (Tab. 6), PS had not only the highest regional diversity for potential colonization (11 species) but also a remarkably high percentage of successful colonization (82%). Moreover, most of the species in both sites also reproduced in the new wetlands within the first (60% in BT, 55% in PS) or second (80% in BT, 73% in PS) year. This proportion will likely evolve in subsequent years, yet it is remarkably high compared to other short-term colonization studies in Europe (Laan and Verboom, 1990; Lesbarre`res et al., 2010) . These studies have found little or no reproduction in new or restored wetlands, whereas other studies have found colonization and reproduction rates similar to what we show here by studying older wetlands (Beebee, 1997; Baker and Halliday, 1999) or by including many more (> 100) bodies of water (Stumpel and van der Voet, 1998; Rannap et al., 2009) . Accordingly, amphibian colonization studies of North American new or restored wetlands have shown similar results for a wide range of potential colonizing species (Tab. 6), supporting our finding that important colonizers arrive at the new or restored wetland within the first 2 years (e.g., Perry et al., 1996; Lehtinen and Galatowitsch, 2001; Pechmann et al., 2001; Stevens et al., 2002) . Unlike what we found, however, only one case of North American colonization detected more than 50% of these local species reproducing by the second year (Vasconcelos and Calhoun, 2006) .
BT
Although the colonization of the new wetlands included individuals from most local species of the amphibian community, many species were present in low numbers (< 50 individuals). These low numbers might be related to limited dispersal abilities of some species (Smith and Green, 2005 and references therein) and a high site fidelity (e.g., Cushman, 2006) . Also, low counts could be biased by our capture methods that probably underestimate the abundance of climbing species such as H. meridionalis (Dodd, 1992) . The two most abundant species, D. pictus and B. calamita, are known to be pioneering and opportunistic and to have wide dispersal ranges (Sinsch, 1988; Miaud et al., 2000; Boix et al., 2004b; Montori et al., 2007) , which appear to have helped them to take advantage of temporary newly created wetlands.
Colonization dynamics and reproductive success of B. calamita
The annual biological cycle of B. calamita is characteristically discontinuous, with peaks in activity related to the weather (Tejedo and Reques, 1997; Brooke et al., 2000) . Here, we confirmed the known role of temperature and precipitation on the breeding phenology of B. calamita (Banks and Beebee, 1986; Sinsch, 1988) . In BT, where the average rainfall was lower than in PS, the movement of adult B. calamita had a stronger correlation with rain events. Low minimum temperatures and high maximum temperatures led to a reduction in adult movement. In BT, a sea-regulated microclimate, the temperature range was narrow. Due to inactivity on hot days, maximum temperature was inversely correlated with adult movement. In contrast, without the sea-regulated microclimate, PS exhibited much lower minimum temperatures, which led to reduced adult activity. The activity of exiting postmetamorphic individuals was correlated with both the minimum and maximum temperatures, likely due to the rapid larval development of B. calamita (e.g., Á lvarez and Salvador, 1984; Boomsma and Arntzen, 1985) and the quick-response effect of water temperature on the metamorphosing larvae. Evaporation of these shallow wetlands increases the density and the intraspecific competition, leading to the acceleration of metamorphosis (Tejedo and Reques, 1994; Newman, 1998) .
It generally takes 2-5 years for B. calamita individuals to reach sexual maturity (Denton and Beebee, 1993; Garcı´a-Parı´s et al., 2004) . Although stressed populations can show secondary sexual characteristics during the first year of life, which would lead to faster reproduction (unpublished data on B. calamita populations of the Cantabrican Coast, Spain), we did not observe such early reproduction in either BT or PS. Consistent with other studies (Pough et al., 1992; Joly and Grolet, 1996) , the reproductive investment for females was much higher than for males. B. calamita males invested more time in the wetland and exhibited more movement into and out of the wetland, both of which have been related to male mating success (i.e., Arak, 1988) . B. calamita population Table 6 . Amphibian colonization studies (published since 1990) concerning newly created or restored wetlands in the Holarctic region. The location of the new created or restored wetland, as well as the habitat type, is shown. For "Duration and frequency of the study", more than 20 visits of a single water body or a continuous pit-fall trap monitoring, was classified under "many visits". For "Monitored water bodies", created and restored wetlands were taken into account but reference sites were left apart. For "Wetland age", when the monitoring involved more than 1 year, it is shown the age range from the youngest wetland at the beginning of the monitoring until the oldest, at the end. Moreover, when the original data were detailed enough wetland age groups were made. "Spp. in modified sites" refers to the maximum number of amphibian species found (a) in a particular wetland (when available) or (b) in the wetland age-group. In brackets, the species fraction that successfully bred, with clutches, tadpoles or froglets evidence; when not enough data was available for this parameter, it was indicated by "(
x )". "Spp. in reference sites" refers to the number of species present at nearby wetlands (in parentheses, the species fraction that successfully bred). When the study did not encompass the monitoring of natural/reference sites, the cumulative richness observed in the created wetland is shown in italics. Constructed mine-water wetland variability has also been described in long-term studies of natural systems (Bragg, 1960) . In this study, this natural variability could be mixed with effects such as the changing invertebrate community of newly created wetlands (Ruhı´et al., 2009) and the hydrological unpredictability of Mediterranean ecosystems (Á lvarez-Cobelas et al., 2005; Gasco´n et al., 2007) , also observed in these manmade MTPs.
Conservation interest of man-made MTPs
It is well accepted that newly created wetlands should be assessed with deep, qualitative and long-term studies (Zedler and Callaway, 1999; Pechmann et al., 2001; Petranka et al., 2003 Petranka et al., , 2007 Vasconcelos and Calhoun, 2006) . However, this study provided evidence of the benefits of artificial MTPs for amphibian conservation already within a short-term period. Other short-term studies in recovered wetlands have shown that anuran densities can be similar to or even higher than the densities in natural wetlands (e.g., Balcombe et al., 2005; Brand and Snodgrass, 2010) . Hence, in such situations artificial wetlands may help recover declining populations of threatened species (Rannap et al., 2009) .
B. calamita is a species protected by Spanish and European laws that has lately suffered a population decline (Beja et al., 2009) . The creation of these and other MTPs would likely benefit B. calamita populations in the Mediterranean region, as has already been observed in the United Kingdom (Denton et al., 1997) . In a broader sense, although we show that artificial MTPs created new habitat mainly for local amphibian pioneering or opportunistic species, our results imply that effects of man-made MTPs need to be further evaluated. We suggest that there is enough evidence to regard these man-made systems as a key tool for aquatic biodiversity conservation even in short-term perspectives, a fact that could partly compensate for the loss of natural temporary ponds in the Mediterranean region. 
